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Abstract 
To our knowledge, at the moment there is no study to directly test the hypothesis of threatening information bias as a cause of 
anxiety, by means of using a control group. In the present study we propose the concomitant testing of two hypothesis 
regarding anxiety etiology: the threatening information bias hypothesis and the attention control deficit hypothesis. The 
results confirm the causal role of attention bias in determining the anxiety level. 
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1. Introduction 
Lately, we have witnessed the development of a new category of interventions targeted towards decreasing the 
anxiety level by reducing attention bias towards threatening information.  Generically called “Attention Bias 
Modification Program”, this new type of interventions is based on different modified versions of the dot probe, 
initially conceived by MacLeod and his team [1] in order to measure and manipulate attention bias towards 
threatening information. 
The efficiency of attention bias modification programs in reducing anxiety shows very promising 
experimental results. Even more surprising is the finding that only one session of attention bias modification in 
subjects with social anxiety traits is sufficient to produce modifications in attention processing and vulnerability 
towards anxiety [2,3,4]. Similar results in reducing anxiety were obtained in cases of clinical anxiety when 
applying a range of attention bias modification programs composed of more than one session [5, 6, 7, 8].   
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Surprisingly, however, is the fact that, to our knowledge, only two studies tested direct causality of attention 
bias in anxiety vulnerability. The most famous is the study of MacLeod and co. which studied the effects of 
attention manipulation towards threat words or away from threat words in a population situated in the middle 
third of an anxiety traits measuring scale. Results showed that participants trained to preferentially process threat 
words reacted with a higher level of anxiety and depression than the other experimental group when dealing with 
a stressful situation.  Similar results were obtained by Eldar, Ricon and Bar-Haim [2] in children aged between 7-
12, using a derivate of the dot probe with anger and neutral facial expressions.  However, since none of the two 
studies used a control group in their design as a baseline to compare the results of the experimental group in 
which the pattern of attention to threat are modified, the role of attention bias in stress vulnerability cannot be 
clearly established. 
On the other hand, Eysneck and co. [9] offer a new alternative theory of cognitive bias in relation with the 
etiology of anxiety disorders, Attention Control Theory, whose main assumption is that these cognitive biases are 
the result of a more general cognitive deficit which rely on the control of attention processing and not specifically 
on differential processing of the threatening information from the environment.  Therefore the effects of attention 
bias modification programs in lowering the anxiety level are, in fact, due to the development of the attention 
capacity and not to the modifications of the subjective allocation of attention resources towards the threatening 
information.  The results of similar experimental studies seem to confirm the role of the attention deficit in 
anxiety [10]. 
Under these conditions, this study proposes to simultaneously test the two competitive  hypotheses regarding 
the effects of attention bias modification programs on the anxiety levels, the first one referring to the role of 
attention bias in anxiety etiology and the second one referring to the role of the attention control capacity in 
anxiety etiology, including, aside the experimental groups, a control group which will sustain a neutral attention 
training. 
2. Method 
2.1. Group of participants 
In the first stage of the study 209 participants were included, with ages ranging from 15 to 19 years old.  The 
mean age of the sample (110 female and 99 male) is 16.44 and the standard deviation is 1.02. 
In the second stage of the study, similar to the study of MacLeod and co. [1], we selected participants situated 
in the middle third of the scores obtained in STAI-T (anxiety trait). From this sample of participants with medium 
anxiety levels (non-clinical) we eliminated the participants with a high tendency of giving socially desirable 
answers. That is why we used the Marlow-Crown Scale and because the scores to the social desirability scale had 
proved to be symmetrically distributed, we used as a discrimination threshold, the value of the sample mean plus 
the standard deviation. Therefore, the participants who obtained a score higher than or equal to the critical 
threshold of 23.06 were eliminated from the study.  
In the last selection stage, after applying the dot probe, participants who, at over 51% from the total scale 
items, had a lot of wrong answers or a very long latency time (over 2000 ms) and those who, according to the 
screening, declared that they did not read the stimuli included in dot probe and answered mechanically, were 
eliminated from the study. Following these selections, only 66 participants remained in the study: 31 male and 35 
female with an age mean of 16.35 years. 
2.2. Materials 
STAI. The STAI-T scale (Spielberger et al., 1983) was used for selecting participants with medium values in 
anxiety traits. The STAI-S scale was used to evaluate the state of anxiety before and after the attention training. It 
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is the most used measure of trait and state anxiety that has well-established validity and reliability with student 
participants (Spielberger et al., 1983). Anxiety vulnerability is measured by means of the frequency in which 
participants declare that they experience specific anxiety symptoms.  
EMAS. Endler Multidimensional Anxiety Scales represents a set of three easy to administer scales which 
measure different types of anxiety: EMAS-S is a scale of anxiety as state, EMAS-T measures the anxiety as trait 
and EMAS-P evaluates the perception of the respondent over the type and level of the perceived immediate 
threatening. Rising anxiety tendencies are evaluated by referring to four general situational contexts: social 
evaluation, physically dangerous situations, ambiguous situations and daily routine. In this study we used the 
EMAS-S and EMAS-T for social evaluation and physically dangerous situations. 
MCSDS. Marlow-Crown Social Desirability Scale. Elaborated by Crown and 
Marlow  in  1960,  it  is  one  of  the  most  used  instruments  in  measuring  the  perceived  need  of  approval  or  
avoiding disapproval from others. The scale is composed of 33 items which describe certain very desirable but 
less frequent situations  and other undesirable but frequent  situations, a higher score indicating a higher need of 
social approval.  
Verbal stimuli. For the assessment of attention bias we used a set of 64 verbal stimuli grouped in 16 pairs of 
threat-neutral words and 16 pairs of positive–neutral words, both sets relevant for physical and social anxiety. To 
modify the allocation of attentional resources we used a different set of words than in the attention bias 
assessment stage. Therefore, to induce a temporary attention bias toward or away threatening we used 50 pairs of 
neutral–threat words; to induce a positive attention bias we used 50 pairs of neutral-positive words relevant for 
physical and social anxiety; also for the attention training of the control group we used 50 pairs of neutral words.  
The attention bias assessment program by means of experimental software allows exposure to verbal stimuli 
for a certain period of time controlled in the same paradigm as the dot probe, respecting all the specific 
constraints of the experimental task. Every trial has an initial exposure time of 1000 ms of a white fixation point 
shaped like the (+) sign followed by a pair of verbal stimuli centrally and vertically distributed symmetrically to 
the fixation point in an interval of 500 ms.  At an interval of 700 ms from the verbal stimuli disappearance, in 
place of one of the two words a target stimuli is represented that consists of two dots vertically (:) or horizontally 
(. .) disposed,  to which participants have to answer in different ways by pressing a key. The target stimuli appear 
with an equal frequency in the place of anxiety generating and neutral stimuli. Each pair of words was exposed 
four times by alternating between the position of the words and that of the target stimuli, the program of attention 
bias assessment being composed of 128 trials.  
The attention bias modification program are composed of 200 trials by alternating the position of stimuli and 
the types of points. For the participants in the attention training towards threatening stimuli group (PPSA), the 
target stimuli always appear in the place of threat words. For the participants in the group trained to avoid anxiety 
generating stimuli (EPSA), the target stimuli always appear in the place of neutral words. For the participants in 
the group trained to focus attention on the positive stimuli (PPSP), the target stimuli always appear in the place of 
positive words. In the control group, the participants were trained to focus their attention on neutral stimuli, none 
of the emotional words being included. 
2.3. Procedure 
All the participants first attended a screening procedure in which they were asked to answer the items 
included in the two anxiety–trait scales: STAI-T and EMAS-T and the MCSDS scale. The scales were applied to 
groups of about 25 participants, each person answering individually and without a time limit.  
At a 1 – 2 weeks interval, the participants whose scores were situated in the middle third section at the STAI-T 
scale and obtained a score less than 23 at the social desirability scale were included in the pre-training attention 
bias assessment stage which took place before the attention training in heterogeneous groups, ranging up to 6 
participants.  
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The attention training stage started at a few days interval, after the participants were randomly split in the four 
experimental groups. In order to measure the anxiety state, before and immediately after the attention training 
session, the participants completed the STAI-T and EMAS-S scales.  
Finally, after measuring the anxiety levels, the participants started the post-training attention bias assessment 
stage, having the same content as the pre-training attention bias assessment stage.  
3. Results 
Characteristics of the group of participants. The main characteristics of the four groups of participants before 
the experimental intervention are presented in table 1. Although there are slight differences between the mean age 
and the gender proportion, the four experimental groups do not differ in previous levels of anxiety as trait and 
state. 
Table 1. Statistical indexes [m( )] for the main characteristics of participants. 
Variable PPSA 
(N=20) 
EPSA 
(N=17) 
PPSP 
(N=16) 
AAN 
(N=13) 
Intergroup compares 
(Kruskal-Wallis test) 
Age  16,3(1,08) 15,9(,73) 15,7(,86) 17,4(1,12)  
Gender (M/F) 7/13 7/10 9/7 9/4  
Anxiety-trait 128,15(16,41) 133,71(17,00) 
 
127,25(17,09) 
 
134,61(20,51) 
 
Chi-Square=2,296 
p=.513, df=3 
STAI-S 34,45(8,3) 
 
33,57(7,33) 
 
31,58(32,00) 
 
29,92(6,66) Chi-Square=4,049 
p=.256, df=3 
EMAS-S 29,40(11,51) 29,35(7,20) 29,91(9,36) 26,15(3,89) Chi-Square=4,040 
p=.257, df=3 
Experimental manipulation checking. In order to see if we succeeded inducing a different attention pattern in 
the four experimental groups we compared the pre-training bias index scores with the post-training bias index 
scores of each group. The bias index score (IB) consists of the difference between the reaction times mean of the 
incongruent items and the reaction time mean of the congruent items. A positive value of the IB suggests 
preferential processing of a certain type of stimuli (either anxious or positive) and a negative value suggests a 
delayed processing or avoiding a certain kind of stimuli (either anxious or positive).  Since the Kolmogorov-
Smirnov tests do not indicates a normal distribution of the bias index in all four experimental groups, we applied 
the Wilcoxon test for paired samples. The results indicate that there is no significant statistical difference between 
the pre and post training IB’s. A partial screening test at the end of each session detected that approximately only 
one third of the participants had realised the implicit association between the target stimuli and the verbal stimuli 
and this is, probably, the most plausible explanation for the lack of modifications in the attention bias.  
Therefore, with the risk of lowering even more the number of participants, we proceeded to a second selection, 
eliminating the cases in which inducing the desired attention patterns had not succeeded. Hence, regardless of the 
initial bias type, only participants in which an alteration of the attention pattern in the expected direction was 
proved were kept in the experimental group. This way, we can really test if the attention bias modification is 
followed by an anxiety level modification. Following the second selection, 12 participants remained in PPSA, 10 
in EPSA, 10 in PPSP and the initial 13 in the control group. 
Post-training anxiety modifications. The results indicate that the participants who preferentially processed 
threat words had a significantly higher post-training anxiety level (as measured with the EMAS scale) compared 
with pre-training anxiety level (Z=-2,393, p=.017, r=0,58), while the participants who preferentially processed 
relevant positive stimuli registered a post-training lower anxiety level measured with STAI-S (Z=-2,032, p=.042, 
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r=0,71). On the other hand, there was no statistical difference between the pre and post-training anxiety levels in 
the control group (Z=-1,653, p=.098), but also in participants in which the avoidance of threat words was induced 
(Z=-1,378, p=.066). Although before they started the attention training there was no significant difference of the 
anxiety levels between groups, the post-training anxiety level of the participants induced with a positive bias is 
significantly lower than in the case of participants induced with a negative bias towards threatening stimuli 
(U=15, Z=-2,288, p=.022, r=0,51), and also compared to the participants who avoided processing the threatening 
stimuli (U=9,5, Z=-1,921, p=.053, r=0,48). 
4. Conclusions 
The present data suggests that the preferential allocation of attention resources towards different types of 
emotional information may have a causal role in anxiety etiology and it seems that the attention control capacity  
does not modify the level of anxiety. To conclude, raising the bias towards threatening stimuli can have as 
effect a significant raising of the anxiety state, raising the bias towards positive stimuli leads to a significantly 
lowering of the anxiety state, while neutral attention training did not produce any change of the anxiety levels. It 
is important to mention that the avoidance of anxiety generating stimuli produced, in this study, the reverse 
anticipated effect, raising the anxiety levels, which suggests a higher level of caution in suppressing the 
processing of threatening information, which, in certain conditions, can produce reverse effects. This result is 
consistent  to  some  extent  with  the  Wegner’s  theory  of  ironic  processes  of  mental  control  [11]  but  also  with  
similar results obtained by Bar-Haim et al [12] and Wald et al. [13], regarding negative bias suppressing in real 
imminent physical threatening situations. However, because of the reduced number of participants, these results 
need to be replicated.  
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